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American Indian heritage and risk factors for renal injury.
Background. Little is known about the causes and consequences
of renal disease among American Indians in the Great Lakes
region of the United States.
Methods. We examined clinical correlates of albumin/creatinine
ratios among 1368 participants in the three tribal communities of
the Inter-Tribal Heart Project using univariate and multivariate
analysis.
Results. Compared to 1086 participants without albuminuria,
the 240 with microalbuminuria (30 to 299 mg/g) and the 42 with
macroalbuminuria (.300 mg/g) were more likely to report a
history of a myocardial infarction (6.4%, 16.0%, and 23.8%,
respectively, P , 0.001). Similarly, compared to patients without
albuminuria, those with microalbuminuria and macroalbuminuria
were more likely to report a history of stroke (2.3%, 8.4% and
26.2%, respectively, P , 0.001). In a multiple linear regression
model, independent correlates of albumin excretion (P , 0.05)
included: fasting blood sugar, treated diabetes, treated hyperten-
sion, higher systolic blood pressure, lower diastolic blood pres-
sure, abnormal electrocardiogram, a history of stroke, the degree
of American Indian heritage, and lower household income.
Conclusions. Urinary albumin excretion is associated with car-
diovascular disease outcomes and risk factors among American
Indians of the Great Lakes region. Both heredity and socioeco-
nomic status appear to play a role in the pathogenesis of renal
injury in this population.
The incidence of renal disease has reached epidemic
proportions among American Indians in the United States
[1]. Although a number of epidemiological surveys have
examined risk factors for renal disease among American
Indians, most of these have focused on American Indians
from the Southwest. Therefore, we examined risk factors
for albuminuria among American Indians from the Great
Lakes region, who are genetically and culturally distinct
from American Indians in the Southwest.
METHODS
Population
The Inter-tribal Heart Project (ITHP) was conducted on
the Red Lake and White Earth reservations in Minnesota
and on the Menominee reservation in Wisconsin [2].
Participants in the ITHP were identified from age-stratified
random samples of active users of the tribal/Indian Health
Service clinics. All participants were 25 years old or older
and underwent an extensive interview, physical examina-
tion, and laboratory screening. The interviews and exami-
nations of 1376 participants were conducted between Sep-
tember 1992 and May 1994. Details of the ITHP have been
published previously [2]. The ITHP was approved by the
three tribal governments, the Indian Health Service, and
the Centers for Disease Control and Prevention. Of the
1376 participants, 8 with end-stage renal disease were
excluded from this analysis.
Data collected
The variables included in the present analysis were:
gender, age, family history (diabetes, hypertension, stroke,
heart attacks, or kidney disease), degree of Indian heritage
(full, 3/4, 1/2, 1/4, less than 1/4, or unknown), history of
hypertension (ever told had high blood pressure), taking
antihypertensive medication at the time of interview, his-
tory of hypercholesterolemia (ever told), taking lipid-low-
ering medication, history of diabetes (ever told), taking
insulin or an oral hypoglycemic agent, alcohol consump-
tion, ever smoked at least 100 cigarettes during lifetime,
currently smoking at the time of interview, household
income, whether buying common items such as groceries
was difficult, highest grade of school completed, history of
myocardial infarction, history of stroke, or treatment for
end-stage renal disease (ESRD, dialysis, or transplanta-
tion). An electrocardiogram was obtained and for this study
was called abnormal if there was evidence of acute isch-
emia, rhythm disturbance, or QT prolongation. Variables
from the physical examination that were used in this study
were height (cm), body weight (kg), waist (cm), hip circum-
ference (cm), waist-to-hip ratio, body mass index 5 (body
weight in kg)/(height in m)2/seated systolic and diastolic
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blood pressure mm Hg (average of second and third
measurements from three consecutive readings). Mean
arterial pressure was calculated as 1/3 (systolic 2 diastolic)
1 diastolic.
Fasting serum laboratory values included: glucose, insu-
lin, serum creatinine, total cholesterol, triglycerides, high-
density lipoprotein cholesterol (HDL), low-density lipopro-
tein cholesterol (LDL), apolipoprotein A1, apolipoprotein
B, and lipoprotein (a). A spot urine sample for creatinine
and albumin was used to calculate the albumin/creatinine
ratio (ACR). Albumin was measured on a spot urine
sample using nephelometry; and creatinine was measured
using the alkaline picrate method. Glomerular filtration
rate was estimated from serum creatinine using the Cock-
croft-Gault formula [3]. The data for triglycerides and ACR
were not normally distributed and were transformed using
the natural logarithm for statistical analysis.
Analysis
Differences in parametric variables were compared with
one-way analysis of variance and Duncan’s multiple-range
comparison test. Differences in categorical variables were
tested using chi-square. Stepwise multiple linear regression
analysis was also carried out with multiple independent
variables and the natural logarithm of the ACR as the
dependent variable. For the multiple linear regression
analysis, missing values were imputed according to the
method of Rubin and Schenker [4]. Briefly, five separate
data sets were created with five different random imputa-
tions of missing data. The regression analysis was carried
out using each of the five imputed data sets, and the 95%
confidence intervals were calculated by combining the
“within imputation” and the “between imputation” stan-
dard errors [4]. Data are presented as means 6 SD or 95%
confidence intervals unless otherwise indicted. Data were
analyzed using the Statistical Package for the Social Sci-
ences [5].
RESULTS
Population characteristics
Participants were 47.7 6 14.1 (range 24.8 to 92.3) years
old, 37.0% were men, and 68% reported at least 50%
American Indian heritage (Table 1). Cardiovascular dis-
ease and risk factors for cardiovascular disease were com-
mon: 8.7% had a history of myocardial infarction, 4.1% had
a history of stoke, 32.1% had been told they had hyperten-
sion (57.5% of these were being treated for hypertension at
the time of interview), and 20.1% had been told they had
diabetes (of whom 76.2% had been treated with insulin and
79.5% had received an oral hypoglycemic agent). In addi-
tion, 85.4% said they had ever smoked at least 100 ciga-
rettes during their lifetime, 64.5% were smoking at the time
of interview, 26.5% had been told they had high choles-
terol, and 14.3% of these individuals were being treated
with a lipid-lowering medication. There were 1.5% who had
had an amputation. Of the 1368 participants without
ESRD, 240 (17.8%) had microalbuminuria (ACR 5 30 to
299 mg/g,), 34 (2.5%) had macroalbuminuria (ACR 5 300
to 2999 mg/g), and 8 (0.6%) had nephrotic-range protein-
uria (ACR $ 2999 mg/g).
Clinical correlates of albuminuria
In the univariate analysis a number of physiologic factors
were associated with both microalbuminuria and mac-
roalbuminuria. These included: older age, increased body
weight, increased waist-to-hip ratio, elevated blood pres-
sure, higher serum creatinine, and lower GFR (Table 2).
Microalbuminuria and macroalbuminuria were also associ-
ated with elevated levels of fasting triglycerides, apoli-
poprotein B, fasting glucose, and fasting insulin (Table 3).
Other correlates of albuminuria included: having at least
50% American Indian heritage, a history of diabetes, lower
household income, and less educational training (Table 4).
There was a trend for a history of current cigarette smoking
to be associated with albuminuria, but this was not statis-
tically significant (Table 4). A history of myocardial infarc-
tion, ECG abnormalities, and a history of stroke were each
associated with microalbuminuria and macroalbuminuria
(Table 5).
Stepwise multiple linear regression was used to deter-
mine which variables were most closely associated with
albuminuria, and which were statistically independent of
other correlates. Separate analyses were carried out for all
participants who did not have ESRD (N 5 1368), and for
patients who had an ACR less than 300 mg/g (N 5 1326).
Results were similar whether or not patients with mac-
roalbuminuria (N 5 42) were excluded (Table 6). Indepen-
dent variables included fasting blood sugar, a history of
diabetes, systolic blood pressure, diastolic blood pressure, a
history of treated hypertension, ECG abnormalities, a
history of stroke, the percent American Indian heritage,
and income level (Table 6). None of the other variables had
any independent association with albuminuria once these
were taken into account.
Table 1. Proportion of study population with microalbuminuria and
macroalbuminuria within each category of self-reported American
Indian heritage
American
Indian
heritage
Total
population
N(%)
Microalbuminuria
N(%)
Macroalbuminuria
N(%)
Full 231 (16.9) 57 (23.8) 13 (31.0)
3⁄4 366 (26.7) 66 (27.5) 15 (35.7)
1⁄2 328 (24.0) 59 (24.6) 7 (16.7)
1⁄4 227 (16.6) 30 (12.5) 4 (9.5)
,1⁄4 139 (10.2) 14 (5.8) 0 (0.0)
Unknown 77 (5.6) 14 (5.8) 3 (7.1)
Total 1368 (100) 240 (100) 42 (100)
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DISCUSSION
We used data from the ITHP to examine clinical corre-
lates of albuminuria. There are two major limitations to this
approach. First, clinical correlations can only suggest, but
cannot prove, cause-and-effect relationships. Thus, these
results cannot establish whether the variables described in
this study cause renal injury, result from renal injury, or are
related to renal injury because they share common causes.
The clinical associations described in this study should only
be used to suggest possible mechanisms of renal injury and
avenues of future study. The second major limitation of
these data are our inability to discern the cause of the renal
injury reflected by albuminuria. Although data from other
studies suggest that most renal disease in American Indians
is caused by diabetic nephropathy [6–9], the incidence of
renal disease from other causes may also be increased
Table 2. Relationship of albuminuria with age, weight, blood pressure, and renal function
Variable
Normal
(N 5 1086)
Microalbuminuria
(N 5 240)
Macroalbuminuria
(N 5 42)
Age years 46 6 13a 53 6 15b 60 6 12c
Body weight kg 83 6 17a 85 6 19b 85 6 22ab
Body mass index kg/m2 29.9 6 5.9a 31.2 6 6.0b 30.9 6 7.6ab
Waist-to-hip ratio 0.93 6 0.08a 0.95 6 0.08b 1.00 6 0.10c
Systolic blood pressure mm Hg 123 6 16a 131 6 23b 144 6 22c
Diastolic blood pressure mm Hg 75 6 10a 77 6 11b 78 6 16ab
Mean arterial pressure mm Hg 91 6 11b 95 6 13b 100 6 15c
Serum creatinine mg/dl 1.00 6 0.24a 1.05 6 0.37b 1.33 6 0.08c
Estimated GFR ml/min 100 6 31a 96 6 37a 80 6 38b
a,b,c Within each row, values that share a letter (superscript a, b, or c) are not significantly different at P . 0.05 by analysis of variance. Conversely,
values that do not share a letter are significantly different.
Table 3. Relationship of albuminuria with fasting lipids, glucose, and insulin
Variable
Normal
(N 5 1086)
Microalbuminuria
(N 5 240)
Macroalbuminuria
(N 5 42)
Cholesterol mg/dl 210 6 40a 215 6 42a 221 6 44a
LDL cholesterol mg/dl 127 6 36a 130 6 36a 129 6 41a
HDL cholesterol mg/dl 50 6 14a 48 6 13a 50 6 24a
Triglycerides mg/dl 163 6 111a 193 6 136b 208 6 121b
Apolipoprotein A1 mg/dl 148 6 26a 148 6 26a 151 6 26a
Apolipoprotein B mg/dl 126 6 30a 133 6 3b 135 6 36ab
Fasting glucose mg/dl 113 6 41a 157 6 80b 197 6 80c
Fasting insulin mIU/ml 15 6 24a 23 6 35b 65 6 157c
a,b,c Within each row, values that share a letter (superscript a, b, or c) are not significantly different at P . 0.05 by analysis of variance. Conversely,
values that do not share a letter are significantly different.
Table 4. Relationship between albuminuria and selected characteristics
Characteristic
Normal
(N 5 1086)
Microalbuminuria
(N 5 240)
Macroalbuminuria
(N 5 42) P valuea
American Indian heritage $ 50% 44.0% 54.0% 72.0% ,0.001
Male 36.5% 36.7% 50.0% 0.206
Diabetic 13.0% 45.0% 73.2% ,0.001
Currently smoking 65.7% 61.9% 50.0% 0.099
Ever smoked 85.9% 81.9% 92.7% 0.113
Household income , $10,000 28.0% 41.0% 59.4% ,0.001
Education , 12 years 26.0% 45.0% 46.3% ,0.001
a By chi-square
Table 5. Relationship between albuminuria and end organ damage
Variable
Normal
(N 5 1086)
Microalbuminuria
(N 5 240)
Macroalbuminuria
(N 5 42) P valuea
Myocardial infarction history 6.4% 16.0% 23.8% ,0.001
Abnormal ECG 7.1% 16.2% 23.8% ,0.001
History of stroke 2.3% 8.4% 26.2% ,0.001
a By chi-square
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[10–12]. In addition, causes of renal disease among Amer-
ican Indians from different regions may be different, and
there are few epidemiological studies of American Indians
from the Great Lakes region in the United States.
The many correlations between albuminuria and cardio-
vascular disease risk factors suggest that albuminuria is a
sensitive marker of vascular injury and that causes of
microvascular disease in the kidney may be similar to
causes of vascular injury in other organs. Indeed, many of
the features of the so-called metabolic syndrome were
evident in the ITHP, including obesity, increased waist-to-
hip ratio, hyperinsulinemia, hypertension, and hypertriglyc-
eridemia. All of these metabolic risk factors were also
associated with microalbuminuria and/or macroalbumin-
uria in the univariate analysis. The association between the
metabolic syndrome and microalbuminuria has been re-
ported in other populations as well [13, 14]. In addition,
albuminuria and proteinuria have been reported to be
associated with cardiovascular disease in the general pop-
ulation [15, 16]. Whether these associations result from the
metabolic profile causing renal injury, whether renal injury
causes or exacerbates features of the metabolic profile, or
whether other factors cause both the metabolic abnormal-
ities and renal injury is unclear.
It should be no surprise that diabetes was an indepen-
dent correlate for albuminuria. Indeed, diabetes is the
leading cause of ESRD in the United States [1], and in
other American Indian populations diabetes has been
reported to be the most common cause of renal disease [7,
9]. It was also interesting to note that, independent of
whether or not patients had a history of diabetes, fasting
glucose levels were correlated with albuminuria. This is
consistent with the observation among people with Type 1
diabetes that the degree of blood sugar control is an
important determinant of albuminuria in patients with
diabetes [17].
Hypertension also correlated independently with albu-
minuria, and in addition, systolic blood pressure was inde-
pendently linked to albuminuria. These data are consistent
with the notion that both hypertension and the degree of
blood pressure control are important determinants of renal
injury. There is an abundance of data from other studies
that hypertension and its control are important in the
pathogenesis of renal injury. Indeed, hypertension was
recently shown to be an independent risk factor for ESRD
in a cohort of 332,544 men screened for the Multiple Risk
Factor Intervention Trial [18]. In addition to modulating
renal injury from other causes such as diabetes, hyperten-
sion has been shown in at least some populations to itself
cause nephrosclerosis [19]. Interestingly, once hypertension
and systolic blood pressure were taken into account in the
present study, lower diastolic pressure was associated with
albuminuria. A relative reduction in diastolic pressure
and/or a widened pulse pressure may be associated with
atherosclerotic vascular disease, which, in turn, may be
linked to albuminuria.
Both ECG abnormalities and a history of stroke were
independent correlates of albuminuria, and both are indic-
ative of a more general association between cardiovascular
disease and albuminuria. It has previously been reported
that otherwise normal individuals with coronary artery
disease have more evidence of renal injury than individuals
without coronary artery disease [20]. It is likely that one or
more factors involved in the pathogenesis of cardiovascular
disease may also cause renal injury. In addition to diabetes
and hypertension, there are some experimental data sug-
gesting that hyperlipidemia may cause renal injury [21, 22].
Indeed, lipid abnormalities were associated with albumin-
uria in the univariate but not in the multivariate analysis,
possibly because cardiovascular disease per se was more
closely correlated with renal injury.
This study suggests that socioeconomic factors may be
linked to renal injury. Family income was independently
associated with increased urine albumin. Education was
Table 6. Independent correlates to albumin excretion
Variable
All Non-ESRD patients
(N 5 1368)
Only patients with ACR , 300 mg/g
(N 5 1326)
Coefficient 95% CI Coefficient 95% CI
FBS each 10 mg/dl 0.071 0.052, 0.089 0.059 0.041, 0.077
Treated diabetes (y/n) 0.378 0.090, 0.666 0.268 20.005, 0.541
Systolic BP (each 10 mm Hg) 0.158 0.103, 0.213 0.110 0.057, 0.164
Diastolic BP (each 10 mm Hg) 20.105 20.196, 20.013 20.075 20.163, 0.013
Treated hypertension (y/n) 0.276 0.040, 0.511 0.249 0.023,20.475
Abnormal ECG (y/n) 0.371 0.120, 0.622 0.315 0.068, 0.562
Stroke history (y/n) 0.571 0.171, 0.971 0.218 20.195, 0.632
American Indian heritage (0.00–1.00) 0.356 0.070, 0.641 0.257 20.020, 0.534
Income level (scale 1 to 7) 20.066 20.108, 20.023 20.063 20.101, 20.024
Constant 0.227 20.480, 0.934 0.722 0.031, 1.413
Multiple linear regression coefficients and 95% confidence intervals for independent correlates of the natural logarithm of the urine albumin/
creatinine ratio. Failure of the CI to exclude zero (in italics) indicates P . 0.05. Abbreviations are: FBS, fasting blood sugar; BP, blood pressure; ECG
electrocardiogram. See Table 1 defining American Indian heritage. Income level was: 1 5 ,$5000, 2 5 $5–10,000, 3 5 $10–$15,000, 4 5 $15–20,000,
5 5 $20–25,000, 6 5 $25–$30,000, 7 5 .$30,000.
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also associated with albuminuria in univariate analysis but
was not independent of income level and other variables in
the multivariate analysis. Indeed, there was a correlation
between household income and the number of years of
formal education. Socioeconomic status is known to be an
important determinant of health status [23, 24] and may be
related to albuminuria via access to care, diet, living
conditions, physical activity, and other factors.
An important finding in the present study was the strong
association between the degree of self-reported American
Indian heritage and renal injury. This association was
statistically independent of both metabolic and socioeco-
nomic risk factors. Similar findings were reported in the
Strong Heart Study [25]. The Strong Heart Study examined
clinical correlates to ACR among American Indians from
Arizona, Oklahoma, South Dakota, and North Dakota, and
found that fasting glucose, insulin, systolic blood pressure,
age, male gender, fibrinogen, and waist-to-hip ratio were
independent correlates to albuminuria. Despite the fact
that the participants in the Strong Heart Study were from
tribes that are distinct from those of the participants in the
present investigation, the degree of American Indian her-
itage was also an independent risk factor for albuminuria.
Pettitt et al have also reported a familial predisposition
proteinuria among Pima Indians with Type 2 diabetes [26].
The association between self-reported American Indian
heritage and renal injury should be interpreted cautiously
for several reasons. The data on American Indian heritage
are based on self-reports and are therefore subject to bias.
Furthermore, the data cannot exclude the possibility that
the degree of American Indian heritage is associated with
renal injury via mechanisms that are related to known risk
factors, such as diabetes, hypertension, etc. Indeed, it is
likely that the relatively crude clinical measures for these
known risk factors may not have fully measured their
effects on the kidney in this study, and that the degree of
American Indian heritage may have been a surrogate for
diabetes, hypertension, and other risk factors. It is also
possible that American Indian heritage may have been a
surrogate for other environmental factors that are associ-
ated with renal injury, but are not accounted for in the
study variables. In order to more fully address the pathways
through which American Indian heritage may be associated
with renal injury, carefully designed studies that examine
the gene-environment interaction are needed.
In summary, both diabetes and hypertension were risk
factors for renal injury in this study. The fact that the
degree of self-reported American Indian heritage was also
an independent correlate with albuminuria suggests there
may be a genetic component of the susceptibility to renal
injury. In addition, the independent association between
income level and renal injury suggests that socioeconomic
factors also play a role. All of these associations were
already evident in participants with microalbuminuria. This
analysis suggests that further gene and gene-environment
studies may yield important clues into the pathogenesis of
renal disease. The data also indicate the need for enhanced
efforts to prevent and treat cardiovascular disease risk
factors (such as, diabetes, hypertension, etc.) in this popu-
lation to reduce the prevalence of renal disease.
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